An estimated 2.2 million women surveyed in low-and middle-income countries between 2005 and 2015 gave birth alone. This practice was concentrated in West and Central Africa and parts of East Africa. Women who delivered with no one present were very poor, uneducated, older, and of higher parity. Experience from northern Nigeria suggests the practice can be reduced markedly by mobilizing religious and civil society leaders to improve community awareness about the critical importance of having an attendant present.
INTRODUCTION
T he United Nations Sustainable Development Goals (SDGs), endorsed in September 2015, provide a framework for improving population health outcomes for billions of people globally. The SDGs cover many topics from poverty eradication to climate change and represent a global consensus on an agenda to reduce inequalities. 1 Of the 17 SDGs, the third one (ensure healthy lives and promote well-being for all at all ages) explicitly pertains to health outcomes. The first target under SDG 3 (target 3.1) calls for a reduction in the global maternal mortality ratio to fewer than 70 per 100,000 live births by 2030. The second target under SDG 3 (target 3.2) aims to reduce newborn mortality to fewer than 12 deaths per 1,000 live births. 2 Evidence has shown that quality, skilled care during labor and delivery is a required and key intervention to improve maternal and newborn health outcomes. 3, 4 Unless every mother and newborn has access to such services, preventable maternal and newborn deaths are likely to continue and will jeopardize the attainment of SDG targets 3.1 and 3.2. Too many women and newborns, particularly in countries with weak health systems, social inequalities, and few available services, cannot access or afford high-quality maternity care. 5 More alarmingly, there is an additional subpopulation of women and their newborns, embedded among those who do not have access to quality skilled care, who deliver absolutely alone with ''no one present'' (NOP). Delivery with NOP has recently become a focus of interest in Nigeria, although it has been neglected in most global policy and practice discussions. [6] [7] [8] Published work on women giving birth with NOP in other countries and regions of the world is scant. We believe that this is an omission; women who give birth alone are denied the social support of companionship during birth and have no one to act on their behalf as a timely conduit to the health system in the event of maternal or newborn complications. Under such a scenario, this subset of women is likely to contribute disproportionately to the burden of maternal and neonatal mortality. This paper identifies differentials in the prevalence and socioeconomic characteristics of women who delivered with NOP among the 80 countries with available DHS data. This is an important first step in developing interventions to eradicate the practice, and ultimately in achieving SDG targets 3.1 and 3.2.
DATA AND METHODS
Since 1984, the Demographic and Health Surveys (DHS) have been conducted in at least 85 countries. 9 DHS data have documented the association between skilled assistance at delivery and lower rates of mortality and morbidity among mothers and their newborns. 10, 11 In addition to quantifying the prevalence of skilled birth attendance, the DHS also explicitly collects data on women who gave birth with NOP.
For our analysis, we used publicly available data from the DHS program's STATcompiler database to profile the distribution of delivery with NOP across countries, as well as to identify which subpopulations within countries were most likely to engage in this risky practice. 12 Data on women giving birth alone were available for 80 countries. The STATcompiler database also enabled us to stratify all live births that occurred with NOP in the 3 years preceding the most recent country DHS survey on several indicators. The variables available were urban/rural residence, wealth quintile, mother's age, number of antenatal care (ANC) visits, birth order, and mother's level of education. Although most countries had full data on these stratification variables, some disaggregated data were missing for Botswana, Ecuador, El Salvador, Mexico, Sri Lanka, Sudan, Thailand, and Trinidad and Tobago.
We also sought to estimate each country's contribution to the total burden of women who gave birth alone among surveyed countries. In doing this, we used the mid-year population of women between the ages of 15-49, as calculated by the US Census Bureau's International Database, during the same year as each DHS, adjusted for the general fertility rates (as presented in STATcompiler) for the 3 years preceding each survey year. For these analyses, we found census data for the same year as the DHS data for 77 countries. (Census data were missing for Ecuador, Sudan, and Thailand and were excluded from the analysis because they did not have recent DHS surveys conducted after 2004; see below.) 13 These numbers were used to calculate a rough estimate of the number of women who would have given birth alone, given the prevalence rates of delivery with NOP at the time of the most recent DHS survey after 2004. We excluded 18 countries in the final analyses (besides Ecuador, Sudan, and Thailand mentioned above) as they had no data available after 2004. These countries were Botswana, Brazil, Central African Republic, Chad, Eritrea, Guatemala, Mauritania, Mexico, Morocco, Nicaragua, Paraguay, South Africa, Sri Lanka, Trinidad and Tobago, Turkey, Turkmenistan, Uzbekistan, and Vietnam. This yielded a total of 59 countries with recent data that were used to assess the number of women giving birth alone.
Data from the DHS and the US Census Bureau are both open access and publicly available. Additionally, as standard protocol, each DHS survey received in-country ethical clearance. As both of these data sources are anonymized, we did not seek any additional ethical approval for this work.
RESULTS

Estimated Magnitude of Delivery With NOP
For the 59 countries with data since 2005, we estimated there were 2.2 million deliveries with NOP in the 3 years preceding the most recent country survey (Table 1) . On a country-by-country basis, the number of women who gave birth alone in 7 countries (Nigeria, India, Niger, Tanzania, Ethiopia, Uganda, and Kenya) made up 78% of the total number of women who gave birth alone. Although the proportion of women who gave birth with NOP was highest in Niger (at 14.5%), the sheer number of women giving birth alone in Nigeria, estimated at almost 1 million in 2013, conferred Nigeria with a problem of greater absolute magnitude. We estimated that Nigeria alone contributed 44% of the total estimated number of women giving birth alone. 9 It is also noteworthy that although only 0.5% of women in India gave birth alone in 2005, due to its large population, India contributed 6% of the total number of women giving birth alone.
Regional Variations
In Latin America and the Caribbean, the prevalence of women who gave birth alone was less than 3% in each country with survey data, with the exception of El Salvador where it was estimated at 7.6% in 1985 ( Table 2 ). In South and Southeast Asia, Timor-Leste (3% in 2009) and Nepal (2.9% in 2011) had the highest prevalence of women who gave birth alone. Central Asia had a very low prevalence of delivery with NOP, with all countries reporting a prevalence of less than 0.5%, as did most North African, East European, and West Asian countries. Yemen was the main outlier in West Asia, reported at 4.4% of women who gave birth alone in 1997. In general, the highest prevalence of delivery with NOP was found in sub-Saharan Africa, where in 10 of 41 countries with data the prevalence was 5% or higher. The highest levels were in Nigeria at 13% and Niger at 14.5% (Table 2) . A mapping of available data that included the 80 countries revealed that delivery with NOP was concentrated in West and Central Africa and parts of East Africa ( Figure 1 ). Table 2 shows that delivery with NOP is overwhelmingly a rural phenomenon in all the countries with available data. Additionally, we observed a clear association between wealth and delivery with NOP, with the poorest bearing the brunt of the burden in all countries with data. Finally, we found a clear age gradient; the prevalence of delivery with NOP rose as mothers got older in all countries. Furthermore, in 8 sub-Saharan African countries (and El Salvador), the prevalence of delivery with NOP among women over the age of 35 years ranged from 10% to 20%.
Sociodemographic Correlates
When delivery with NOP was disaggregated by residence, wealth, and maternal age, Nigeria emerged as an outlier in terms of the large magnitude of the difference between urban and rural populations that gave birth alone. Nigeria had the highest percentage of both urban (6.4%) and rural women (17%) who gave birth alone. Nigeria also had the largest disparity between wealth categories, wherein 26% of women in the poorest quintile gave birth alone in 2013 in contrast to 2% in the wealthiest quintile. Furthermore, although there was a discernible linear trend showing that as mothers aged, they were more likely to have given birth alone, in Nigeria, as well as in Niger, nearly 10% of mothers under the age of 20 also reported they gave birth alone. Table 3 presents the distribution of women who gave birth with NOP by number of ANC visits, the birth order of the index child, and maternal education. Across all countries, we observed that as women increased use of ANC, the proportion of women that gave birth with NOP declined. This is most clearly evident in Rwanda, where 36% of the women who reported they had given birth with NOP had not accessed any ANC compared with 9% of women who had made 1-3 ANC visits and 4% of women with 4 or more ANC visits (Table 3) . Of equal importance are those factors that enabled women to seek ANC as well as those that removed barriers to accessing ANC. We found that in all countries, women with higher-order births were more likely As women increased use of ANC, the proportion of women giving birth alone declined.
to have given birth alone. Improvements in mothers' level of education were associated with reductions in the prevalence of women who gave birth alone across the 80 countries studied.
DISCUSSION
These analyses have shown that far too many women-roughly 2.2 million based on recent data from 59 countries-delivered alone, with no one present. This practice is taking place predominantly in parts of the world with the worst maternal and newborn health indicators such as West and Central Africa and parts of East Africa.
Complications during pregnancy and childbirth are a leading cause of death and disability among women in developing countries. Women who deliver alone are particularly vulnerable, as they do not even have access to the marginal support any attendance at birth confers. While we are not calling for anything less than for all mothers and newborns to have access to quality skilled care, ensuring that no mother delivers alone is an urgent moral and human rights imperative.
Recent research publications examined the issue of Nigerian women who gave birth with NOP. [6] [7] [8] They found that the highest risk factors were poverty, rural residence, and rising maternal age. Our analysis confirms these findings both within Nigeria and across all countries studied. Nigeria, in particular, had severe wealth disparities in terms of women delivering alone (26% of the poorest women deliver alone compared with 2% of the wealthiest women). This finding suggests that the severity of inequity linked to delivering alone in Nigeria is exceptionally high in contrast to other countries included in this study. We also found a high proportion of urban women in Nigeria who gave birth alone (6%) in addition to a high proportion in rural areas (17%). This may be emblematic of the fact that Nigeria, as Matthews et al. have documented, is a country with large urban inequalities and a substantial urban rich advantage.
14 In rural areas of Nigeria, the exceptionally large proportion of women who gave birth alone may be a direct result of a fewer number of facilities in rural areas. 15 In terms of maternal age, there was a clear pattern across the countries included in our analysis that prevalence of giving birth alone increased with increasing maternal age. Given the constellation of extant risks for advanced maternal age, older mothers who deliver alone are particularly vulnerable to complications. 16 However, in Nigeria and Niger, there was also a high proportion of young mothers who delivered alone; these young, often nulliparous, adolescent mothers who deliver alone are at significantly higher risk of developing obstetric fistula.
17
Our analysis suggests that the drivers of delivery with NOP are of a structural nature, and not presumptively cultural. Across all 80 countries studies, the pattern was strikingly consistent, showing that women who gave birth alone were poor, had little education, and lived in rural areas. As the global community works to reduce inequalities in socioeconomic and health indicators, it will also likely have impact on eradicating delivery with NOP.
At the same time, evidence from Sokoto State, in northern Nigeria, suggests that the prevalence of delivery with NOP can be eliminated almost entirely through targeted actions by key stakeholders, along with education and advocacy, even in a population where poverty is pervasive, resources are scarce, and women are poorly educated. In 2008, the DHS reported that the prevalence of delivery with NOP in Sokoto State was 25%; by 2013, the prevalence had dropped to less than 1%.
18,19
Sokoto State is situated in the northwest corner of Nigeria, with an estimated population of just over 4.6 million in 2013, 80% of whom live in poverty. 20, 21 Data show that use of maternal health services in health facility settings is very low and has not improved in recent years; in both 2008 and 2013, 95% of married women in Sokoto State reported having delivered their most recent child at home. 18, 19 Furthermore, more than 80% of women in the state in 2013 reported that they had not accessed any antenatal care during their most recent pregnancy.
18, 19 The low uptake of maternal health services may be a direct result of few services available. There have been investments in increasing access to and the availability of health services in Sokoto State, resulting in a 26% increase in the number of government-run health facilities between 2009 and 2015, from 600 facilities to 756 facilities. 22, 23 Although efforts to increase the number of facilities have yielded results, the majority of women in Sokoto State, as noted above, still give birth at home. In addition to ongoing efforts to improve access to and use of quality maternal and newborn health services across Sokoto State, JSI/TSHIP began working with state-level leaders of Jama'atu Nasril Islam (JNI), Nigeria's largest, most-networked, Muslim nonprofit aid group, to address the issue of women delivering alone. JNI leadership took charge of sounding an alarm and raising awareness among government and civil society leaders in Sokoto State. JNI also issued a call to eliminate the practice of delivery with NOP. Throughout all 244 wards in Sokoto State, JNI mobilized its local leaders and briefed them on the dangers associated with giving birth with NOP. Additionally, JNI called for local leaders to publicly discourage giving birth alone in homes. In 2012, JNI leaders trained Muslim clerics throughout the state to use appropriate verses from the Koran and hadith (collections of sayings or traditions of the Prophet Muhammad) to highlight the dangers of giving birth with NOP in relation to maternal and newborn mortality. Muslim clerics, with support from JNI, started to preach in favor of delivery with skilled assistance during Friday congregational prayers, wedding fatihas (religious ceremonies), and naming ceremonies. These efforts were successful in educating communities in Sokoto State on the dangers associated with giving birth alone, and ultimately changing the societal norms that had, in the past, condoned and facilitated the practice of delivering with NOP.
As a complement to these efforts, JSI/TSHIP also worked with the state government officials and communities to launch a 2,440-strong female community-based health volunteer (CBHV) team in 2012. These 2,440 CBHVs, representing 10 CBHVs per ward, were trained to counsel mothers on delivery with skilled attendance; the CBHVs made a total of 389,000 documented household visits in 2013 alone. 23 , 24 The case of Sokoto State suggests that a process of community education and awareness has the potential to create ideation around norms in the short to medium term and can realistically Programmatic experience in northern Nigeria suggests that the practice of giving birth alone can be reduced markedly through community education and advocacy.
accelerate the replacement of NOP-type deliveries with some type of attendance. This encouraging development is worth the attention of policy and civil society members across countries with relatively higher prevalence of deliveries with NOP. In itself, it is a call to action for leaders to act now alongside the broader implementation of SDG-related initiatives. The eradication of the practice of giving birth with NOP is only one step in ensuring that no mother or newborn dies of a preventable death. Ultimately, until every woman has safe, affordable, acceptable, and available maternal health services, there will remain barriers to achieving SDG targets 3.1 and 3.2.
Study Limitations
Several limitations to our analysis should be noted. First, the DHS methodology collects information on women giving birth alone only through self-report.
Second, as the DHS is conducted in many countries, with multiple language groups, it is possible that women may not have understood the question correctly and thus that they incorrectly reported that their most recent birth occurred with ''no one'' present, despite efforts undertaken by the DHS to mitigate complications that may arise due to translation. The protocol for the standard DHS questionnaire not only asked women directly about who assisted with their most recent delivery but also probed those respondents who said ''no one'' assisted to determine whether any adults were present at the time of delivery. 25 Another issue that must be noted, particularly in the Sokoto State context where the practice of giving birth with NOP has been so publicly and widely discouraged, is that DHS respondents may be reluctant to share that they have delivered alone. If women, due to social pressure and/or stigma associated with giving birth alone, are unwilling to report giving birth alone, it would be impossible to detect that, given the DHS methodology. Research on whether or not covert delivery with NOP occurs would be best informed through other study designs.
In Table 2 and Table 3 , we were unable to include the number of women who gave birth. Unfortunately, the STATcompiler database neither provided specific sample sizes nor numerators and denominators for the percentages presented.
Also, many of the countries have not had a recent DHS survey, precluding determination of current global burden of delivering with NOP.
Furthermore, in our analyses of the burden of women who gave birth alone, there are some disagreements between the age parameters from the US Census Bureau (population of women aged 15-49) and the general fertility rate, as calculated by the DHS, which includes only women between the age of 15-44. According to the DHS, ''The General Fertility Rate (GFR) is for the three years preceding the survey expressed per 1,000 women age 15-44. Note however that births to all women 15-49 are included in the numerator. In practice, there are very few births to women age 45-49 so the difference compared to restricting to births to women age 15-44 would be very small. '' 26 Finally, data available via STATcompiler could only be analyzed by using broad categories. Further research should use country-specific data to further explore the interactions between these predictive variables. Despite these data limitations, this analysis has shown that too many women are giving birth alone, and that grassroots advocacy and programmatic efforts are able to reduce the phenomena considerably, including in contexts where other socioeconomic determinants of health remain unchanged.
CONCLUSION
Giving birth alone is a problem of important magnitude in many low-and middle-income countries, particularly in those countries with the worst maternal and newborn health indicators such as in West and Central Africa and parts of East Africa. Community education and awareness has the potential to change cultural norms in the short and medium term, accelerating the replacement of deliveries with no one present with some type of attendance. Ensuring that no mother delivers alone is an urgent moral and human rights imperative to prevent avoidable maternal and newborn deaths.
